Maternal milk is the first source of exogenous polyamines for the newborn. Polyamines modulate gut maturation in neonates, but no studies are available on polyamine concentration in human milk of preterm babies, even though they could be important for their immature gut. The present study aimed to determine polyamine concentration in human breast milk of mothers with preterm or term infants during the first month of lactation. Human milk samples were obtained during the first month of lactation from twenty-seven mothers with preterm babies and twelve mothers with babies born at term. The polyamine concentration in human milk was quantified by HPLC. During the first month of lactation, the total polyamine concentration was significantly higher in preterm milk than in term milk samples (7590 (SD 4990) v. 4660 (SD 4830) nmol/l, respectively (P ¼ 0·034)), as well as individual polyamine concentrations. Polyamine concentration in mature milk for preterm babies was significantly higher than that in mature milk for babies at term, and a similar trend was observed in colostrum and transition human milk. The spermidine/spermine ratio was higher in transition milk in preterm v. term samples, while in mature milk, the ratio was significantly lower in preterm than in term babies. In conclusion, the polyamine concentration was significantly higher in human milk for preterm than for term infants. This and the different spermidine/spermine ratios could influence the gut development of premature babies.
The polyamines putrescine, spermidine and spermine are polycationic substances of low molecular weight synthesised in all mammalian cells from their immediate precursor, ornithine. Polyamine metabolism includes intracellular de novo synthesis in a strictly controlled balance by several enzymes, the main one being ornithine decarboxylase (1 -4) .
The exogenous supply includes both polyamine intake from dietary foods as well as their synthesis by gut microbiota. The highest requirement for these aliphatic amines occurs in rapidly growing tissues, such as the mucosa of the gastrointestinal tract of newborns (5, 6) . We have previously reported that milk formulas for newborn piglets supplemented with polyamines in concentrations resembling those of sow milk significantly enhanced crypt depth in the gut compared with control formulas with no added polyamines (7) , a finding that highlights the relevance of these compounds for gut maturation in early life.
Maternal milk is the first source of exogenous polyamines for newborn babies and animals (8 -10) . Human milk contains relatively high levels of polyamines, mainly spermine and spermidine, with lower amount of putrescine (11) ; their concentration in human milk increases during the first week postpartum, reaching a maximum after 1 -2 weeks and then decreasing (10, 12, 13) . The polyamine concentration in human milk for term babies varies greatly among different studies (9, 10, 12, 14, 15) , which makes it difficult to decide on a potentially suitable polyamine concentration for addition to infant formulas. The polyamine concentration in human milk depends on many factors, such as the time of breast milk collection, stage of lactation, the breast chosen, maternal polyamine dietary intake and maternal atopy, which also differs among countries (8, 13, 14, 16, 17) . In addition, the polyamine concentration in human milk of mothers with preterm babies is unknown, even though it is known that this type of milk differs in the concentration of key nutrients compared with term milk. The polyamine concentration in human milk for preterm babies could play a major role in their immature gut system, highlighting the relevance of increasing our knowledge on this biological fluid. † These authors contributed equally to this work.
The aim of the present study was to evaluate whether the polyamine composition of human milk differs in mothers of preterm and full-term infants. For this, we evaluated the polyamine concentration in human breast milk for both preterm and term babies during the first month of lactation in a Mediterranean area, comparing the concentration in colostrum, transition milk and mature milk in both types of breast milk.
Experimental methods
Human milk samples were collected from two different groups of mothers delivering at the Universitary Hospital Virgen de la Arrixaca (Murcia, Spain). Of these, twelve women delivered at term (between weeks 37 and 42 of gestation) and twenty-seven women delivered prematurely (between weeks 28 and 36 of gestation). The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects/patients were approved by the Ethical Committee of the Virgen de la Arrixaca Hospital. Verbal informed consent was obtained from all subjects/patients. Verbal consent was witnessed and formally recorded.
Volunteers supplied samples of milk during the first month of lactation. The milk samples were collected from colostrum Human milk samples were collected by a manual pump and were promptly kept at 48C as separate samples, and they were collected every day in the morning. Maternal age did not differ between mothers who delivered babies born preterm (aged 31·5 (SD 6·9) years; range from 17 to 44 years old) or at term (aged 30 (SD 5) years; range from 26 to 38 years old). Nevertheless, as expected, both gestational age (32·4 (SD 1·4) (ranged from 28 to 36) weeks v. 39·5 (SD 1·4) (ranged from 37 to 42) weeks) and birth weight (1745 (SD 359) v. 3543 (SD 514) g) were significantly lower in preterm than in full-term infants. Polyamines in human maternal milk were analysed using the AccQ-Fluor Reagent Kit (Waters S.A.), which uses 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate as the derivatising reagent. 5-Sulphosalicylic solution (0·2 g/ml; 200 ml) and 50 ml of 1,6-diaminohexane (internal standard) were successively added to 1 ml milk samples and then kept frozen overnight at 2 808C. After centrifugation at 6700 g for 20 min, the supernatant was recovered and centrifuged again at 6700 g for 10 min; the supernatant was filtered through a 0·45 mm Millipore filter prior to derivatisation. Borate buffer (pH 8·8; 70 ml) and 20 ml AccQ Fluor (Waters) were added to 100 ml of the polyamine-containing sample for derivatisation and the mixture was incubated for 10 min at 558C. Derivatised polyamines were quantified by HPLC using a reverse-phase column (Nova-Pak C18, Waters S.A.). We used a gradient, starting with 25 % phase A (20 mM-sodium acetate) and 75 % phase B (methanol), reaching 100 % of phase A after 30 min of running. Polyamine standards (putrescine dihydrochloride, spermidine trihydrochloride and spermine tetrahydrochloride) were purchased from Sigma Chemical Company.
Statistical analyses
The results were expressed as mean and standard deviation. When more than three samples of milk were collected from the same mother in the same stage of lactation, the mean value was calculated. The data followed a normal distribution evaluated by the Kolmogorov -Smirnov test. Comparisons between preterm and term human milk samples were analysed by t test. Since some of the samples at each lactation period belong to different subjects, an ANOVA test followed by post hoc Bonferroni test was performed to analyse differences in polyamines among colostrum, transition milk and mature milk. The CV was calculated as (SD/mean) £ 100. All statistical analyses were carried out using SPSS for Windows (release 15.0; SPSS, Inc.). Differences were considered significant at P, 0·05.
Results
In the present study, we found very low concentrations of putrescine compared with spermidine or spermine in human milk for term babies, a profile that was repeated in human milk for preterm babies (Table 1) . Nevertheless, the concentration of individual polyamines (putrescine, spermidine and spermine) or total polyamines did not differ significantly between colostrum (1-5 d), transition milk (6 -14 d) and mature milk (. 15 d), not only in term, but also in preterm milk samples (Table 1 ). This could be explained by the naturally high variability in the polyamine content of human milk samples, exceeding the 50 % CV at each lactation period when samples from different subjects are included among the lactation periods.
Polyamine concentration in mature milk for preterm babies was significantly higher than in mature milk for babies at term (P, 0·01), and a similar change was also observed in colostrum and transition human milk, although the differences were not significant (Table 1) . In fact, when all the samples collected during the first month of lactation were analysed together, human preterm milk showed a significantly higher polyamine concentration than the milk for babies born at term, as regards total polyamines, putrescine and spermidine, but only a trend in the case of spermine (P¼ 0·092) (Fig. 1) . In addition, the spermidine/spermine ratio was significantly higher in transition milk for term babies, while in mature milk, this ratio was inverted, and was even below 1 in term infants (Table 1) .
Discussion
To date, there is no published study about polyamine concentration in human milk for preterm babies. In the present study, we reported that during the first month of lactation, the polyamine concentration in human milk for preterm babies was significantly higher than in breast milk for babies at term, which could influence gut maturation of premature infants and points towards a higher polyamine requirement in early life for preterm infants than for babies born at term. In addition, we found a significant change in the spermidine/ spermine ratio between preterm and term transition and mature human milk samples, which could be of interest for the addition of polyamines to infant formulas.
The polyamine concentration in human milk samples was highly variable; this would imply that a higher number of human milk samples should be collected to ascertain differences in polyamine concentration during the three stages of lactation. The polyamine concentration in human milk for infants at term varies greatly among studies, making it difficult to reach conclusions on the polyamine levels in human milk. The total polyamine concentration in our term milk samples were in the range of those reported by Buts et al. (14) and Pollack et al. (9) . These authors reported a total polyamine concentration ranging between 1450 and 8600 nmol/l in the USA, while Romain et al. (10) reported more than 10 000 nmol/l in Belgium (15 030 nmol/l), which is difficult to understand. Also, in Belgium, Buts et al. (14) reported a total polyamine content in human breast milk of 5570 (SD 180) nmol/l, very different from that reported by Romain et al. (10) and more similar to that mentioned by Pollack et al. (9) . During the first week postpartum (colostrum samples), the present results are also in agreement with those provided by both Buts et al. (14) and Pollack et al. (9) . No significant differences in the concentration of total and individual polyamines were detected between different stages of lactation in term milk during the first month of lactation, perhaps because of the low number of samples collected. Some authors found that the concentration of polyamines in colostrum was much greater than that in mature breast milk (10, 14) . Pollack et al. (9) reported that the polyamine concentrations in term milk samples during the first 1·5 months of lactation did not change, but concentrations of all three polyamines began to decrease after the first month and then fell sharply after the second month of lactation. The present results showed the highest values of polyamines in term milk samples at the end of the second week of lactation (total polyamine concentrations were 4810 (SD 4070) nmol/l in the first week, 5580 (SD 6590) nmol/l in the second week, 3120 (SD 1950) nmol/l in the third week and 2430 (SD 1200) nmol/l in the fourth week). Romain et al. (10) mentioned that the highest values of total polyamines were reached at the end of the first week of lactation and, in agreement with the present results, they reported the same decreasing trend at the end of the first month of lactation. We report for the first time the polyamine content in preterm human milk samples. The polyamine concentration was significantly higher in preterm than in term milk samples during the first month of lactation. The higher levels of polyamines in preterm milk could reflect the higher protein content reported in preterm milk than in term milk. Sanguansermsri et al. (8) reported that the protein content of milk samples analysed matched the putrescine and cadaverine contents. In fact, preterm milk has been seen to contain significantly higher concentrations of protein, Na and Cl, and lower concentrations of lactose (18) . The mean concentrations of protein, Na, Cl and K in early preterm milk are sufficient to meet the estimated requirements for the preterm infant (18) . The relationship between the DNA and RNA, and the spermine and spermidine concentrations reported in both human and cows' milk during early lactation (8) suggest that an important role of polyamines is the synthesis of nucleic acids and proteins (8, 19, 20) .
Some authors showed that intestinal permeability to macromolecules differs in premature babies when they are fed breast milk compared with those fed infant formulas ( J Senterre, J Rigo, G Forget, G Dandrifosse and N Romain, unpublished results). This difference does not seem to be present when powdered milk is supplemented with polyamines at the concentration found in breast milk; spermine increases the proliferation and differentiation of lymphocytes isolated from the tonsils of children (21) . The increased maturation of the small intestine leads to gut closure, which might decrease the transfer of antigens from the lumen to the blood.
Romain et al. (10) proposed that the putative protective effect of human milk against allergies, compared with classical infant formulas, could, at least partially, be explained by its polyamine (spermine, spermidine and putrescine) concentration and the role of these compounds in the postnatal maturation of the small intestine. In mice, infant formula supplemented with polyamines alters the intestinal microbiota, which could interfere with the immune response of animals (22, 23) . Mean concentrations of spermidine/spermine in milk drunk during the first postnatal month by allergic children and nonallergic children were significantly different (P¼ 0·003 and P, 0·001) (10) . The spermidine/spermine ratio was significantly higher in the transition milk of term infants than in that for preterm infants; in contrast, in mature milk the spermidine/ spermine ratio value was significantly higher in the milk produced for preterm infants than term infants (10) . Other authors have demonstrated that the spermidine/spermine ratio in the lactating mammary gland of rats is higher than that during pregnancy. Generally, this enhancement of the spermidine/ spermine ratio initially signals increased biosynthetic activity of a tissue and, more specifically, signals an increased biosynthetic capacity for RNA and protein (8) . Maybe the discrepancy in this ratio between preterm and term milk samples was due to the different requirements of such babies because of the differences in gestational age. In fact, milk formulas for preterm babies sometimes require protein supplementation because of the special requirements of such babies. Preterm human milk is theoretically more suitable for the premature infant than either mature or term human milk, which might be deficient in specific nutrients for the very low birth weight baby (24) . Other key nutrients such as longchain PUFA, arachidonic acid and DHA, as well as essential fatty acids, are also found in higher concentrations in early human milk samples of mothers giving birth to very low birth weight preterm infants than is the case for full-term infants (25) . In agreement with these authors, the practical implications of the present results highlight the importance of providing their own mother's milk to preterm infants. If it is necessary to use banked term human milk, it might be of interest to fortify it with polyamines, although this would require suitable clinical trials with premature infants to demonstrate possible benefits.
In conclusion, the present results indicate that the human milk of preterm babies has a significantly higher content of polyamines than term human milk and a different spermidine/spermine ratio, both of which could be important for the gut maturation of neonates and for designing infant formulas for premature babies.
